Abstract. Are database concepts and techniques suitable for ontology design and management? The question has been on the floor for some time already. It gets a new emphasis today, thanks to the focus on ontologies and ontology services due to the spread of web services as a new paradigm for information management. This paper analyzes some of the arguments that are relevant to the debate, in particular the question whether conceptual data models would adequately support the design and use of ontologies. It concludes suggesting a hybrid approach, combining databases and logic-based services.
Introduction
Nowadays, all major economic players have decentralized organizational structures, with multiple autonomous units acting in parallel. New information systems have to handle a variety of information sources, from proprietary ones to those available in web services worldwide. Their complexity is best controlled using a network of coordinated web services capable of grasping relevant information wherever it may be and exchanging information with all potential partners. Data semantics is at the heart of such multi-agent systems. Interacting agents in an open environment do not necessarily share a common understanding of the world at hand, as used to be the case in traditional enterprise information systems. For instance, in a single enterprise environment, the concept of "employee" has a unique definition shared by every application within the enterprise. In a multi-agent system, the interpretation of the "employee" concept may vary based on whether or not specific types of personnel (e.g., students in their summer jobs, trainees, visitors) have also to be considered as employees. Another example is obviously provided by contextual information, such as whether a sentence about trees refers to the vegetal or to the mathematical structure. This is also a form of semantic disambiguation. * This work is supported, in the framework of the EPFL Center for Global Computing, by the Swiss National Funding Agency OFES as part of the European projects KnowledgeWeb (FP6-507482) and DIP (FP6-507483). It is also supported by the MICS NCCR funded by FNRS in Switzerland, under grant number 5005-67322.
Lack of common background calls for explicit guidance in understanding the exact meaning of the data. XML-like formatting does not help much in this. Ontologies increasingly appear as the solution to the problem. They are the most sophisticated form of semantics repository. From a database perspective, they may be intuitively understood as the most recent form of data dictionaries, i.e. a knowledge repository whose purpose is to explain how concepts and terms relevant to a given domain should be understood. Although ontology as a science comes from philosophy, ontologies as computerized support for semantics have mainly been developed by the artificial intelligence community. This community has focused on developing reasoning mechanisms that would alleviate the task of enriching an ontology by addition of new concepts. Typically, an ontological reasoner is expected to be able to check the consistency of new concepts with already known ones and to determine their most accurate placement within the (most often hierarchical) structure of the ontology.
With ontologies becoming a necessary component of modern, interoperable information systems, we are likely to see a proliferation of ontologies and a massive growth in size and complexity of the set of concepts described in an ontology. We foresee that their role will evolve from a repository of terms that denote concepts (whose most well-known example is Wordnet) to a repository for complex information, where the description of a concept includes a formal description of a prototypical data structure (a design pattern) showing all the components of a concept, the intra-relationships between these components, and the inter-relationships between the concept and the other concepts in the ontology. These richer ontologies will have to be easily understandable, and processable, by humans and by computerized agents in search of semantics. Briefly stated, we expect significantly increasing similarity between ontologies and current database schemas.
This raises the question whether database technology could be reused to provide services for ontology design and management. The purpose of this paper is to develop some arguments for such a discussion. The arguments we present here focus on structural aspects, as we are interested in showing the benefits of using conceptual data models for modeling ontologies. Other arguments (e.g., discussion of defined versus derived objects, axioms, schema and instance querying, constraints) are also surveyed. For a more detailed analysis of the latter the reader is referred to [3] . Our idea is that database techniques could nicely complement logic-based techniques (using formalisms such as description logics or F-Logic) and a common framework could be built that would exploit the technique that best fits the task on hand.
The next section introduces an example that we use in Section 3 (after briefly recalling the concepts of the underlying conceptual data model) to illustrate how a conceptualization can be formulated using a conceptual data modeling formalism. Section 4 discusses respective merits of using data modeling versus description logic formalism. Section 5 concludes suggesting to combine both formalisms into a hybrid system. We assume the reader is familiar with the features supported by ontological formalisms (e.g., description logics).
